The blurred unclear link between the immune system and diabetes has made this issue an exciting research area. Cytokines are excellent evaluating tools for the immune system activity in any disease. They reflect the overall state of the immune system. Therefore, we hypothesized the disruption of the Th1 pathway as a consequence of the type 2 diabetes. We evaluated IL-12 which induces Th1 pathway and IL-2 which mediates Th1 function to prove our hypothesis. Almost, no previous studies gave clear image for the relationship between these two interleukins together and type 2 diabetes. Methods: Eighty Four diabetic Egyptian patients and 105 of normal control volunteer were chosen to evaluate the level of serum IL-2 and IL-12 in their blood using ELISA technique. To provide a complete image about the state of each subject, we made routine laboratory analysis including fasting blood glucose, fasting insulin, CRP, lipid profile and CBC for each volunteer. Results: There was a difference in the mean value of both IL-2 and IL-12 serum level between both patients and control. The patients have decreased IL-2 and increased IL-12 than control volunteers. It was interesting to provide a significant correlation between the serum level of IL-2 and IL-12 in patients. Conclusion: The significant correlation between IL-2 and IL-12 and the mean difference in their serum levels between diabetic patients and control can reflect the importance of these two cytokines in the pathogenesis of type 2 diabetes. Future studies with larger sample can confirm our results.
Introduction
Cytokines are very important molecules made by numerous immune system cells and carry out a number of utilities in relation to inflammatory and immune reactions. The immune system cytokines are of two types; proinflammatory cytokines that stimulate the immune responses and anti inflammatory cytokines that decrease these responses [1] . Interleukins are important category of the cytokines and had been evaluated in different diseases associated with immune system imbalance [2] . Cytokines can be considered as a mirror for the immune system in any disease. Evaluating the level of the cytokines can be used in the prognosis or the following up of the disease progression. Type 2 diabetes is one of diseases that cause the disturbance of the immune system. This disease is a global threat and has serious complications. The rapid rise of this disease has many social and economic problems that have a terrible impact on the global situation. Unfortunately, more than a third of the world's population is diabetic and they are unaware because they are not interested in initial symptoms of the disease [3] . This disease is accompanied by short and longterm complications on the small and large blood vessels, which is harmful to all body organs, in addition to increase probability of frequent infection [4] . The relationship between type 2 diabetes and immune system has been discussed through several ways and different views. Till now, only the innate immunity disturbance is associated with type 2 diabetes due to inflammation incidence Accompanied by hyperglycemia. The increase in inflammatory cytokines has been reported in many studies but with different percent of elevation. However, the anti-inflammatory cytokines levels in type 2 diabetes are still under debate Interleukin-2 and interleukin-12 are two cytokines that have different functions in immune system. They were never compared at all during the course of type 2 diabetes incidence.
In the last ten years, research on the role of inflammatory markers on type 2 diabetes progressions has been growing. However, the mechanism that links the disruption of the serum IL-2 and IL-12 rate to the risk of type 2 diabetes is still unknown. The presence of many environmental stimuli such as infection and chemicals can affect the natural immunity and as a consequence affect both IL-2 and IL-12 serum levels.
IL-2 is a Th1 pro-inflammatory cytokine. It has a great role in T cells activation for production of interferon gamma (IFN-γ) and tumor necrosis factor alpha (TNF-α). More ever, it improves the activity of natural killer cells (NK) [5, 6] . Thus, IL-2 is used as a therapy to motivate the immune system responses [7] . IL-2 also helps in the growth of regulatory T cells (Tregs), which switch the development and apoptosis of triggered T cells [8] . Furthermore, IL-2 is associated with cell survival, differentiation and the formation of immune memory cells and acts as a negative regulator of immune system stimulation [9] . New studies revealed that IL-2 has a serious role in the differentiation and survival of Tregs and so confirming their importance in the mechanism of the immune response [10] . Cytokines efficiently play a role in the pathogenesis of many pathological disorders, such as metabolic, infectious, autoimmune and inflammatory syndromes [11] . Thus, IL-2 participate in immune functions by contributing to the creation and proliferation of antigen-specific immune responses [12] . IL-12 is a hetero-dimeric pro-inflammatory cytokine. It consists of two subunits p35 and p40 formed by antigen presenting cells in response to PAMPs (pathogenassociated molecular patterns) and DAMPs (danger-associated molecular patterns). It stimulates the switch of the immune response towards Th1 reactions, which makes protection against endogenous microbes [13, 14] . An association between IL-12 and type 1 diabetes was also demonstrated in humans. Glucosestimulated PBMCs (peripheral blood mononuclear cells) from non-diabetic subjects secreted more IL-12 than nonstimulated cells [15] . Few studies discussed Interleukin-12 role in type 2 diabetes . they suggested the association between IL-12 level and diabetes complications [16] [17] [18] . To date, no systematic review has been performed to evaluate the available evidence on the association of neither IL-2 nor IL-12 levels with the risk of type 2 diabetes. The objective of the current study was to estimate the magnitude of the relationships between both IL-2 and IL-12 levels and the risk of type 2 diabetes in Egyptian population. We opted to study whether there will be alterations in inflammatory expression occurred in IL-2 and IL-12 in the context of T2DM.
Methods

Subjects
This work was done in biochemistry and molecular laboratory of Zagaig University. The study is composed of two group. The first group included 84 patients with type 2 diabetes mellitus (mean age of 36.6±12.9 years) chosen from the outpatient endocrinology clinic, Zagazig University Hospitals, during the period from August 2014 to May 2015. The second group included 105 age and sex matched healthy volunteers (mean age of 39.5±11.7) with no history of diabetes in their families. All patients and healthy volunteers were subjected to: Full history taking, clinical examination, and routine investigations including complete blood count (CBC). We have taken a written consent from all participants in the study. The diagnosis of type 2 diabetic patients was according to WHO guidelines, 1998 [19] . In addition, an approval of this research was taken from the ethical commite of our university according to the 1964 declaration of Helsinki [20]
Exclusion criteria
The study excluded the patients with type 1 diabetes or chronic liver diseases or renal failure disease or uncontrolled hypertension. We also excluded all the patients who may suffer from chronic inflammatoion, cancer, allergy and and autoimmune diseases. In addition, we didn't take in our study those patients who recieve immune-modulatory drugs. Also, pregnant and breast feeding women were excluded.
Anthropometric assessment
Anthropometric assessment was done for all subjects to evaluate health status of each individual. We took the height and weight for each subject then we calculated body mass index (BMI). In addition, Waist circumference (WC) was taken To measure abdominal obesity for each subject.
Laboratory analysis
Blood samples were taken from patients and healthy volunteers after fasting for 8 h to evaluate concentrations of fasting glucose and for 12 h for lipid profile. Fasting glucose was measured using the glucose oxidase method, and the fasting serum lipid profile (cholesterol, triglyceride, HDL) was measured by enzymatic colorimetric method. Serum LDL was calculated using the formula of fridwald [21]
Assessment of blood glucose and insulin
Fasting insulin, Fasting blood glucose (FBG), and glycated hemoglobin (HbA1c) were measured using whole blood collected. FBG was detected by a device (COBAS INTEGRA® 400 plus, Roche Diagnostics Ltd, Switzerland). HbA1c level was detected using Siemens DCA analyzer. Fasting insulin level was detected with a human insulin ELISA kit (EMD Millipore, Billerica, USA). We used 
Assessment of lipid profiles
The colorimetric enzymatic method was done using a device (COBAS INTEGRA® 400 plus, Roche Diagnostics Ltd, Switzerland) to detect triglyceride (TG), total cholesterol (TC), and high density lipoprotein cholesterol (HDL-c) levels. Low density lipoprotein cholesterol (LDLc) level was calculated using the Friedewald equation as follows: LDL-c = total cholesterol -(HDL-c + TG / 5) [21] .
Complete blood count analysis
Whole blood was taken from the donor into EDTA tubes .White Blood Cell (WBCs), Red Blood Cells (RBCs), and platelets with their indices were measured by an autoanalyzer (sysmes XS-500i, German).
CRP detection
Serum CRP was detected using an immunoturbidimetric method applied on an analyzer (COBAS INTEGRA® 400 plus, Roche Diagnostics Ltd, Switzerland). The sensitivity limit of this assay is 0.07 mg/L.
Detection of Serum IL-2and IL-12
Serum samples were collected and stored at -4°C for the measurement of both IL-2 and IL-12 using enzyme-linked immunosorbent assay (ELISA) technique (AviBion Human IL-2 EASIA kit, AviBion Human IL-12 EASIA kit). Samples were brought to room temperature and processed according to company instructions. Colour detection was read at 450 nm. A standard curve was plotted and results were calculated using Excel.
Statistical analysis
All statistical analyses were performed using MedCalc 15.8, GraphPad Prism 5.0 and SPSS 17.0. All data were presented as mean ± standard deviation (SD). Differences between groups were tested using Kruskal-Wallis and Mann-Whitney U tests (for continuous variables and nonparametric analyses for independent samples, respectively). Correlation coefficients (r) were calculated with nonparametric Spearman's correlation analyses. The association between inflammatory markers and T2DM was estimated by odds ratios and 95% confidence intervals (CI), which were obtained from logistic regression. P value <0.05 was considered statistically significant.
Receiver operating characteristic (ROC) curves were generated for the assessment of both IL-2 and IL12 as biomarkers for diabetes. Area under the curve (AUC), sensitivity and specificity were calculated for each factor. The value with the best sensitivity and specificity in AUC analysis (Youden's index) was chosen as the best cut-off. AUCs were compared using the approach described by Hanley and McNeil[23]. The statistical significance was accepted as p value < 0.05
Results
A total of 84 patients of mean age 36.6±12.9 years, and 105 age and sexmatched healthy controls were enrolled in this study. There were no significant diff erences in age and male/female ratio between the patients and controls (P>0.05). The mean duration of illness for the patients group was 10.5±4.8 years. Neither patients nor controls had a history of clinical findings of impaired hepatic or renal function or any parasitic infection. Several clinical, biochemical and inflammatory parameters were measured for both patients and control. There was significant difference between patients and control in triglyceride level, white blood cells count, QUICKI and CRP level. More ever, there was high significant difference between patients and control in the level of Homa-IR and Homa-β. It was not a surprise to find very high significant difference between patients and control in the level of Hba1c, fasting glucose and fasting insulin. Regarding IL-2 and IL-12 levels, mean differences was observed in both IL-2 level (169.17 ± 51.47 for patients and 206.7 ± 75.32 for control) and IL-12 (146.11 ± 62.66 for patient and 66.38 ± 25.55 for control). Our results showed that the patients have lower IL-2 level and higher IL-12 level than control but with no significant power (Table 1) .
Comparative analysis using independent factors
The comparison between diabetic patients in the study according to different independent factors as age, duration of disease, gender, body mass index, diabetes control, Homa-IR, and fasting glucose showed that type 2 diabetes patients can be affected by only duration of disease. There were significant differences in the level of fasting glucose, Hba1c, IL-2, and IL-12 between diabetic patients with different duration of disease (P<0.05). In addition, there was significant difference in the fasting glucose and Hba1c levels between diabetic patients when we used Homa-IR as independent factor (P<0.05). Similarly, there was significant difference in the fasting glucose level when we considered diabetes control as independent factor. Also, there was significant in Hba1c level when we adjusted the comparison to fasting glucose level as independent factor (P<0.05) ( Table 2) .
Correlation analysis
For the correlation between the significant parameters in this research, we found significant direct proportion between the level of IL-2 and IL-12 (P < 0.05). Both IL-2 and IL-12 were inversely proportional with fasting glucose and Homa-IR but with no significant power (P > 0.05). It worth note that the relation between CRP with IL-2 differs from that with IL-12. The CRP was inversely proportional with IL-2 and directly proportional with IL-12. Unfortunately, these relations lack the statistical power (P > 0.05) ( Table 3) .
Receiver operating curve analysis
Using ROC analysis showed that both IL-2 and IL-12 are not suitable biomarkers for type 2 diabetes prognosis. (AUC is 0.511 and 0.644) for both IL-2 and IL-12 respectively. The cut off value was ( >161, >164.666 ) for both IL-2 and IL-12 respectively . Also the sensitivity for both the two markers is very small (38% and 33%) for both IL-2 and IL-12 respectively. however the specificity was high (80% for IL-2 and 100% for both IL-12 (Fig 1) .
Discussion
Type 2 diabetes mellitus is the most important prevalent type of diabetes all over the world. And its complications has great social and economic effects [24] . Almost all the previous studies approved the great relationship between type 2 diabetes and innate immunity via inflammation mechanism. However, the alteration of the cytokine secretion due to type 2 diabetes is still under debate. Our study aimed to assess the effect of type 2 diabetes on the immune system through evaluation of two cytokines; interleukin-2 and interleukin-12. Both of these interleukins have a central role in T cell function and regulation [25, 26] . In addition, they work synergistically in Th1 pathway. IL-12 is Th1 inducing cytokine whereas IL-2 is Th1 cytokine that mediate the function of Th1 cells [27, 28] . Based on that, we suggested that there is association between levels of these two cytokines and that the insufficiency in IL-12 can result in defect in IL-2 secretion. Type 2 diabetes is not an autoimmune disease but it is inflammatory disease characterized by inflammation incidence due to the hyperglycemia and hyperlipidemia. This inflammation is mediated by several mediators called cytokines which differ in their disturbance level according to their importance and function in inflammation [29] .
Generally, the immune system produces two types of the cytokines, proinflammatory and anti-inflammatory which act synergistically to regulate the immune system action. It is worth noting that not all the pro-inflammatory cytokines has the same inflammation threshold. IL-1 and TNF-α are the master of inflammation incidence in such an inflammatory disease. Also, IL-4 and IL-10 are the main cytokines responsible for reducing inflammation [30]Some cytokines has a dual pro-inflammatory and antiinflammatory effect [31] . According to this fact, the levels of cytokines in type 2 diabetes as an inflammatory disease are still under debate due to the variation in the results of the previous studies. Our results show a decrease in IL-2 level and an increase in IL-12 level in type 2 diabetic patients than control. However, these differences lack statistical power probably because of sample size, life style, age mean and environmental factors. They can be used as predictor and not diagnostic markers for the risk of type 2 diabetes. Our results may be a light for more studies with more samples in other population. Our results agree with the results of kaye and his group who discussed the relation between IL-2 and diabetes in new England population. They found no significant association between IL-2 and type 2 diabetes. However, they reported the association between IL-2 and type 1 diabetes [32]. This was confirmed by Memon and his team study in Swedish population who concluded to an association between IL-2 and insulin sensitivity index in the Swedish-born population but not in Iraqi-immigrants [33] . The nature of IL-2 has two faces and with a dual function (pro-inflammatory and anti-inflammatory)
[31]. This interprets the insignificant decrease in its level in our results. More ever, recent studies reported IL-2 role in Tregs development from T cells preventing autoimmunity and auto-inflammation by Teffs cells. Regulatory T cells (Tregs) is responsible for regulating effector T cells (Teffs) that respond to self-antigens and lead to autoimmune diseases. An inappropriate Treg/Teff equilibrium can cause most autoimmune diseases such as type 1 diabetes (T1D). To reestablish an appropriate equilibrium, Teffs should be blocked with immune suppressants which are partly effective [34] . Banchereau and his group reported that IL-2 has a great role in controlling inflammation and can be considered as anti-inflammatory as IL-10 and tumor growth factor -beta [35] .
Actually, deactivation of IL-2 causes autoimmunity due to its critical role in keeping Treg cells in the periphery [36] . On the other hand, giving low dose of IL-2 to non-obese diabetic mice inhibits the progression of diabetes and can reduce the established disease. IL-2 probably inhibits diabetes by inducing the reactive CD4+Foxp3+ Treg cells that reduce the reactive effector cells.
[37]. IL-2 also prevents inflammation by hindering the differentiation of TH17. This is done by interfering with IL-6 signaling events, such as decreasing IL-6 receptor expression and replacing the transcription factor STAT3 with STAT5 on target DNA binding locations in genes essential for TH17 differentiation [38] .
More ever, it was proven that there is inversely proportion between serum level of IL-2 and IL-17 that take a part in inflammatory process. Actually, the intake of IL-2 by Treg cells accelerates the differentiation of TH17 cells in vivo and in vitro. Thus, intake of IL-2 can prevent IL-17-dependent inflammatory processes [39] .
IL-2 also affects humoral immune response by regulating the progression of follicular helper T cells (TFH cells) that regulate humoral immune response [40] . As shown above for TH17 cells, IL-2 can inhibit THF by indirect way without affecting already differentiated TFH cells. This can be done by interfering with the THF cells production of IL-21 and CXCR5 that help B cells to go through isotype switching and somatic mutations [41] .
Thus, by stimulating more Treg cells and reducing the number of TH17 and TFH cells, IL-2 can inhibit the uncontrolled growth of immune responses and reduce inflammation. These outcomes have important helpful implications in treatment strategy.
The regulatory functions of IL-2 were shown in a study done by Koreth and his colleagues 2011. They demonstrated that intake of low dose IL-2 can stop inflammation and improve disease in patients with chronic graft-versus-host disease or hepatitis C virus-related vasculitis [42] .
IL-2 contributes to both the induction and the termination of inflammatory immune responses. It has opposing faces during an inflammatory response. It induces T-cell proliferation and help them in achieving the optimal survival and to act as memory cells. On the contrary, IL-2 induces the development and function of regulatory T cells to inhibit the development of inflammatory Th17 cells. Thus, IL-2 has dual and contrasting functions [43] .
The decrease in IL-2 level in the results of our patients was supported by the result of Dwyer study that reported that IL-2 can be used as a therapy for type 1 diabetes in some studies but with low doses due to its toxicity [44] . However, no studies discussed the IL-2 as a therapy in case of type 2 diabetes. On the contrary, Other studies are not in agreement with our results and they found increase in IL-2 in type 2 diabetes in comparison to the control [45] . The Controversy in the results may be due to population ethnicity, life style and environmental factors.
Regarding the level of IL-12, the insignificant increase in in our patients was supported by the results of Momen and his group who reported that there is no association between IL-12 and insulin sensitivity in Swedish population [33] . This was confirmed by Gupta and his team (2017) who demonstrated no significant association between IL-12 and type 2 diabetes [46]. IL-12 is pro-inflammatory and act as activator for natural killer cells. It is a master controller of Th1 differentiation [27] . Its level increase in type 2 diabetes is theoretically logic. However, there is a great variation in its level in the different studies.
Wen and his team showed that the increase in glucose level can increase the mRNA expression of IL-12 by 5.4-fold [47] . Also, Wegner et al., demonstrated elevated IL-12 serum levels in T2DM subjects [16] . In a third study by Ryba-Stanisławowska for type 1 diabetes, they reported IL-12 level increase in type 1 diabetes with decreased Tregs cells due to decreased IL-2 [48].
Besides, it was demonstrated that patients with long-lasting type 1diabetes have high levels of IL-12 in both serum and aqueous humor. This may prove the participation of IL-12 in pathogenesis of diabetic complications [49] . In a study for diabetic nephropathy, Anand and his group reported that IL-12 level increased in diabetic nephropathy [50] .
Conversely, IL-12 level in type 2 diabetes was reported to be lower than control in other studies in different populations [51] [52] [53] . The controversy may be interpreted with the variation in degree of diabetes, sample size, age environmental factors or population ethnicity. Also, the type of treatment can affect the level of cytokines. More studies with larger sample size and adjusted factors can give more precious results.
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Level of serum IL-12 and its correlation with endothelial dysfunction, insulin resistance, proinflammatory cytokines and lipid profile in newly diagnosed type 2 diabetes. All data are represented as mean ± S.
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